In this paper, the samples were cut from the composite insulator sheds, which have been running for about 10 years at different operating voltage of 110kV, 220kV and 500kV. The sheds include the high-voltage end sheds, low-voltage end sheds and the middle sheds of the composite insulators. The Fourier transform infrared spectroscopy (FTIR) of the sample was tested and the method of peak area was used to analyze the aging level. The results show that the aging of shed occurs mainly in the outer surface of the shed. The surface analysis of the shed shows that, three insulators of different voltage level have a same law, the aging degree in the composite insulator high-voltage side is most serious, followed by low-voltage side, and the aging degree is weakest in the middle part, and such law is even more obvious as the voltage level increases.
Introduction
Recently, composite insulators have been widely used, due to their unique hydrophobicity, lightweight structure and easy installation, and they have played an important role in solving the external insulation problem of power transmission and transformation equipment in polluted regions [1] [2] [3] . High temperature vulcanized silicone rubber (HTV-SR) has been the preferred material of composite insulator sheds and sheath, because of its strong hydrophobic, hydrophobic migration and recovery characteristics and other superior performance compared with other insulating materials [4] . However, with the increase of the amount of composite insulators and operating time, the sheds and sheath of composite insulator may appear different degree of aging, even may lead to the accident of line trip and bunch-drop.
Therefore, people pay more and more attention to the aging assessment of the sheds and sheath. The domestic and foreign researchers have made large number of studies on the aging assessment methods of composite insulator. For example, X-ray photoelectron spectroscopy (XPS) can be used to quantitatively measure composite insulator surface element contents; scanning electron microscopy (SEM) can be used to directly observe the large particles, pollution, empty, cracks and surface roughness of composite insulator surface; Fourier transform infrared spectroscopy(FTIR) can be used for analyzing the molecular structure [5] [6] [7] . FTIR has its advantages of easy to prepare the samples, and easy to operate, so FTIR has become one of the common analysis methods. FTIR is often used in artificial accelerated aging test, and it can also be used in aging assessment of insulator [8] [9] [10] [11] . This article analyzed the 110kV， 220kV, and 500kV composite insulator sheds through FTIR, and conducted a preliminary study of the aging law of insulator sheds at different voltage level
Samples and Test Method

Samples
The composite insulators with three different voltage level are selected in this article ， which are 110kv, 220kv and 500kv. And the selected insulators have the approximately equal operating time and are from the same manufacturer. The typical classification and nomination of insulator samples are shown in Table Ⅰ This article analyzed high-voltage shed, middle shed and low-voltage shed for each of insulator. The high-voltage shed is the first shed on the phase conductor side, and the low-voltage shed near the first shed on tower side. First, the sheds were equally divided into four regions, from where one sample (diameter of 25mm, height of 1mm) was cut. After a simple cleaning, the FTIR test can start.
Test Method
When a beam ,which has a continuous wavelength of infrared light, pass through a material, if the rotational frequency or the vibration frequency of a certain chemical groups in the molecule is same as infrared light frequency, Ying Liang, Xiaohui Yang, Yunpeng Liu P the molecules will absorb energy, and transit from the ground state vibrational (rotational) level to higher vibrational (rotational) energy level. Then the frequency (wavelength) of the infrared light will be absorbed by the material, and absorption peak will appear. Therefore, basing on the position and size of absorption peak, people can conduct a simple qualitative and quantitative analysis [12] . The attenuated total reflectance (ATR) is a method of infrared analysis; the material surface does not need to be processed in this method, and they can be measured directly. FTIR is used to assess the aging degree of the sheds in this article. American Thermo Fisher Nicolet Is5 type Fourier transform infrared spectrometer is used, and the ATR method is selected. The infrared spectrometer is shown in Figure1. The range of measuring spectrum is 600~4000 cm -1 , and the number of scanning is set to 32 times.
Figure 1. Fourier Transform Infrared Spectrometer
The hydrophobicity is the inherent properties of the composite insulator material, HC water spray method is commonly used to assess the hydrophobicity of the insulator sheds. HC water spray test is also used in this paper.
The Result of Test
FTIR
The sheds are departed into 4 pieces, each of which is conducted FTIR analysis. Considering the inhomogeneity of wind direction and sunlight in the nature, at the same time, in order to reduce measurement error, the FTIR of shed is represented by the mean FTIR of the 4 parts.
The infrared spectrums of inner surfaces are shown in Figure 2 . In order to facilitate the visual comparison, the infrared spectrums of different parts of the insulator upper surfaces are shown in one figure, as shown in Figure 3 . The absorption peak of Si-CH3 located at the wave number of 1260cm -1 , which are enlarged displayed in Figure 3 . In the figure, the abscissa is the wave number, the unit is cm -1 , represents the reciprocal of the wavelength of its physical significance; the ordinate is the absorbance. (c) 500kV(C) Figure 3 . Infrared Spectrums of Upper Surfaces
HC Water Spray
The tests of HC water spray are conducted on these samples, and the results are shown in 
Discussion
It can be seen from Table Ⅱ , there is not much difference among the sheds of a same insulator. And the results of HC water spray are easily impacted by subjective factors, and can not be used for qualitative analysis. FTIR can overcome these shortcomings. The formula of silicone rubber formula is relatively simple, its main chain is made by Si-O-Si, and the Si(CH3)2 forms its side chain. From Figure 2 and Figure 3 , it is evident that there are absorption peaks at the wave number of chemical groups, which are listed in Table Ⅲ . There are also absorption peaks at the wave number from 3400 to 3700 cm -1 , which correspond to the hydroxyl (OH band). In order to improve the flame retardancy of insulator materials, materials will be added Al(OH)3, while at the same time, OH is also a product of aging, so it is not a suitable band to analyze.
The hydrophobic of the silicone rubber material was mainly due to the effect of methyl (CH3). So, this article uses the absorption peak of Si-CH3 to characterize the aging condition of the sheds.
TableⅢ Wave Number of Chemical Group Characteristic Peak
Chemical group Wave number of characteristic peak Si-CH3 1270cm
The infrared spectrum quantitative analysis is based on the Lambert -Beer's law, referred to simply as Beer's law. Beer's law is usually expressed as（a）.
A( ) ( ) a a bc ν ν = （ ） In the formula， A( ) ν represents the absorbance， ( ) a ν is the coefficient of absorbance; b and c denote the thickness of the sample, the concentration. For ATR method, since the dimension of the penetration depth is micron, it mainly reflects the surface aging of the sample.
Based on the Beer's law to conduct a quantitative analysis, generally there are two methods, which are height method and area method. One is to measure the height of the peak of absorption peak, and the other way is to measure the area of the absorption peak. The more of the chemical groups are, the more of infrared lights are absorbed, and the bigger of the absorbance is, the larger of the height or area of the absorption peak is. Whether the height method or the area method is applied, a baseline must be established firstly. This article selects the tangent of two ends of the absorption peak as the baseline, uses the characteristic peak at 1260cm It can be seen from Figure 2 that, the infrared spectrums of three insulators inner surfaces are nearly the same. The production dates of the insulator only have little difference, considering from the formula coherence, the infrared spectrums of new samples of three insulators should be almost same. The infrared spectrums of the insulator inner surfaces are similar with a new sample, which has been tested by many researchers. In other words, the inner surface can be approximately looked as a new sample.
The infrared spectrums of the inner surfaces and upper surfaces clearly show the characteristic peaks, which correspond with the chemical groups in Table Ⅲ . The   C1   C3   C2 infrared spectrum of upper surface is much smaller than the infrared spectra of inner surface. It means that, aging occurs mainly in the outer surface.
The peak area is calculated by the area method, it is shown in Table Ⅳ . It is obvious that, the peak area of Si-CH3 in middle shed is largest, the peak area of high-voltage shed is smallest, low-voltage shed between them. In other words, the aging degree in the composite insulator high-voltage side is most serious, followed by low-voltage side, and the aging degree is weakest in the middle part. The insulators of A and C are from Hebei province, and the insulator of B comes from Sichuan province, the operating environment in Sichuan province may be very different with in Hebei province. It can cause the insulator of B have a more serious aging degree; as it is shown in Table Ⅳ , the peak area of B is wholly smaller than A and C.
In order to indicate the aging difference between high-voltage end and middle part, the difference percentage of peak area between the middle sheds and the high-voltage sheds are also shown in The peak areas difference percentage between the middle shed and the high-voltage shed of A、B、C is respectively 23.53%, 36.27% and 41.23%. In this means, the aging inhomogeneity between high-voltage end and middle part increases with the increase of voltage level. Three insulators have the same aging law, the aging degree at the composite insulator high-voltage side is the most serious, and the aging degree is weakest in the middle part. The increase of difference percentage as the voltage level increases shows that, the law is even more obvious as the voltage level increases.
The electric field of different voltage level insulators is simulated by ANSYS ， and it is shown in Figure 5 . The abscissa indicates the insulator from high-voltage end to low-voltage end.
The simulation results show that, the electric field of insulator is highest at the high-voltage end, and it is lowest in the middle of insulator. The electric field at the high-voltage end of 500kV insulator is greater than that of 220kV insulator, and the electric field at the high-voltage end of 110kV insulator is smaller than that of 220kV insulator. The electric field of middle part decreases as the voltage level increases; as it is shown in Figure 5 , the electric field in the middle part of 500kV insulator is lowest. That means the higher of the voltage level, the greater of the voltage unevenness. It is consistent with the aging law and the aging inhomogeneity at different voltage levels. 
Conclusion
a) For the three insulators, which have been operating for about 10 years, the aging mainly occurs on the outer surface, the inner surface has a slight aging.
b) The three insulators of different operating voltage in this test have a same law, the aging degree in the composite insulator high-voltage side is most serious, followed by low-voltage side, and the aging degree is weakest in the middle part. This law is consistent with the simulation result of electric field.
c) The law shown in b) is even more obvious as the voltage level increases. This corrects with that, the higher of the voltage level, the greater of the voltage unevenness.
This test result is derived based on three practical operation insulators, further promote of the results need a large more number of samples to be tested.
